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The properties of penicillin acylase from E. co/i solubilizcd by hydrated reversed micdles (RM) of Aerosol OT in octane wcrc studied. The 
dependence ofcatalytic activity on the hydration degree, a parameter which determines the size of the micclle inner cavity, has a curve with three 
optima, each one corresponding to the enzyme functioning either in a dimer form (w, = 23) or i a form of scparatc subunits, a heavy one, fi, and 
a light one, CL (IV, = 20 and 14, respectively). The reversible dissociation of the enzyme was confirmed by ultracentrifugation followed by 
electrophoresis. 
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1, INTRODUCTION 
Penicillin acylase (PA) from ~5. cofi (EC 3.5.1.11) con- 
sists of two non-covalently bound subunits (M, 23,000 
and 62,000, respectively), which are processed from the 
common polypeptide precursor [1,2]. The role of such 
structural organization is not yet clear, but the active 
site of the enzyme is thought o be located on the heavy 
/?-subunit, while the light a-subunit is responsible for 
substrate specificity and participates in binding penicil- 
lin side chains [3]. The suggestion that the formation of 
the active site should involve the association of both 
subunits has been formally approved by experiments on 
subunit separation which resulted in the entire loss of 
enzyme activity [3,4]. Moreover, a fact which should be 
taken into account is that according to the traditional 
methods of enzymology the dissociation of oligomeric 
enzymes (the first step in the separation of subunits) is 
usually accomplished under strongly denaturing condi- 
tions [S], and the above attempts [3,4] were not an ex- 
ception. 
A new approach to the analysis of structure-function 
relationships in oligomeric enzymes, which includes a 
‘soft’ disassembling of subunit complexes in non-dena- 
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turing conditions, has been developed and has already 
found practical application [6-91. The main idea nf this 
method is the use of reversed micelles (RM) of a surl”hc- 
tant in organic solvent as the reaction medium in enzy- 
mology (for review see [10-l 21). The size of the inner 
water cavity of RM can be widely varied by changing 
the surfactant hydration degree, w, = [HIO]/[surfac- 
tant]. This allows for conditions which promote the 
formation of certain protein associations or, vice versa, 
facilitate protein complex dissociation into compo- 
nents, or subunits, in the oligomeric enzymes elected. 
Interestingly, the maximum catalytic activity for the 
enzymes olubilized in the RM system is observed at a 
particular hydration degree, namely when the size of the 
protein molecule is equal to that of the micellar matrix 
[ 133. In relation to this principle for oligomeric enzymes 
the dependence of their catalytic activity on w, usually 
gives several optima, which indicates the functioning of 
different supramolecular forms, as well as discrete sub- 
units [6-91. The stoichiometry of protein incorporation 
into RM can be followed by using ultracentrifugation 
techniques [ 131. 
We have applied this method to PA in order to solve 
the problem of soft dissociation of the enzyme and to 
study the catalytic properties of the subunits. 
2. MATERIALS AND METHODS 
PA (EC 3.5. I. I I) from E. coli was purifiL4 by ion cxchnngc hroma- 
tography on DEAE-Sepharosc and gel filtration on Scphadex G-200. 
The unyme activity was equal lo 26 Ulmg (I il hydroiyzs 1 pm or 
PAANA at pil 7.5,2%). The purity control of the obtained prcpa- 
rations was performed by SDS-PAGE. 
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In a typical expcrimcnt 25-70 yl 01’ 50 mM Tris-HCI buffer, 3-7 ,uI 
of 0.4 M PAANA solution in I mixture of acclonilrile with dioaanc 
(I:I) and 2.5 ~1 ofenzymc solution with a known concentration of 
active sites were solubilited in I .4 ml of 0. I M Aerosol OT (AOT. 
Merck) in octane. The substrate (PAANA) was a kind gift from A.A. 
Shcgolev. The accumulation of free p-nitrotrnilinc was de~ermincd 
spectrophotometrically (410 nm) at 25°C using a PHILIPS PU 8630 
instrument with the thermostatic v~zxcl section. Thecc&icicnts of the 
molar absorption of pnitrotiniline were measured indcpcndrntly in 
tne micellar system at various w,. The k,,, values were calculaled using 
Lineweaver-Burk double-reciprocal plots, For all w, pawmctcrs the 
pH optimum vah~cs of/~,,, were found at 7.5. 
The sedimentation coefficients (S) of the RM containing the protein 
were measured in an anulytical ultrxenu’ifugr (Beckman E), the meas- 
urements wcrc performed and thcdcpendence ofS on IV,, was analyzed 
as described in [l3]. 
440~1 of50 mM PAsolution and 800~11 of5OmM Tris-HC1 buffcl 
(pH 7.5) were solubilized in 140 ml ofO.1 M AOT in octane (w, = 5). 
The micclle fraction containing the heavy subunit was precipitated at 
100,000 x g for GO min in an MSE Superspeed 135 centrifuge. The 
supernatant containing the light subunit was scparaled from the scdi- 
ment: the sediment was dissolved in 2OOyl of 50 mM Tris-HCI buffer 
and solubilized in ?O ml of 0.1 M AOT in octane. To isolate the 
&subunit the micellar solution of the enzyme, prepared in the same 
way, was centrifuged at 1?5,000 x K for GO min. 
2.5. Ehcrrophoresis of PA prrycrruriot~s 
Purity control of enzyme preparations. molecular mass dctcrmina- 
tions and evaluation ol’ the quantilative ratio of PA subunits in the 
sediment after ccntrifuugation, were accomplished clectrophoretically 
according to Laemmli [I41 in the presence of SDSand 2.mercaptoelha- 
nol. Before the clcctrophorctic procedure, PA was extracted from RM 
system by shaking in a separating funnel equal volumes ofmicellar and 
I.5 M NaCl solutions. Then the water phase was conecnlraled up to 
I n-d and dialyzed. The preparation was applied to the concentrating 
gel as a solution in sample buffer. 
15-30 ,ul of 50 mM Tris-I-ICI buffer (pH 7.5), 2 ,ul of 30 ,UIM P,4 
solution and O-IO ~1 of IO ,uM P,MSF solution in acetonitrilc were 
solubilized in 0.7 ml ofO.1 M AOT in octane. Alter IO min incubation, 
4~1 of0.4 M PAANA solution wus added and Ihe rate of the reaction 
was measured. The quantity of PMSF needed for the complete inhibi- 
tion of all the enzyme available was calculated from the depcndencc: 
Remaining activity vs. [PMSF]/[PA] 
3. RESULTS AND DISCUSSION 
3.1, The dependence of the cutulytic activity of PA 011 the 
llydrution degree, IV, 
The profile of PA activity in AOT RM reveals at least 
three maxima observed at w, = 14,20 and 23 (Fig. 1A). 
Following the line of argument as mentioned above, we 
assume these three maxima to correspond to function- 
ing of the light (w,, = 14) and heavy (w, = 20) subunits 
and their dimer (w, = 23). Theoretical calculations car- 
ried out according to the model described earlier [1 11, 
with the a- andp-subunits of PA, as well as their dimer, 
being considered spherical partie!es with J4ts of 26,000, 
63,000 and 89,000, respectively, give w, values of a few 
units less than the experimental ones. Such a discrep- 
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Fig. I. The dependence of the catalytic activity (k,,,) of PA on the 
hydration degree, w,, in the AOT RM system in octane. (A) Intact 
preparation of PA. (B) a-subunit preparation. (C)P-subunit prcpara- 
tion. 
ancy may well be accounted for by a number of reasons, 
for example, the presence of a mixture proteins and/or 
because of their non-spherical shape. In view of this, 
some additional methods were employed to confirm the 
effect under investigation, one of which was sedimenta- 
tion analysis [l I]. 
3.2. UCtrucettt~~trgcrtion of AOT RM contuithg solubil- 
keci PA 
The sedimentation coefficients of protein-containing 
RM are presented in Pig. 2. When the value of w, 
exceeded 22, the sediril;ntation data revealed the exis- 
[l-I,Oj/[AOT] 
Fig. 2. The dependence of the sedimentation coeflicicnts (S) of RM 
containing PA on the hydration degree. (1) u-subunit, (2) P-subunit, 
(3) @dimcr. 
Voh FEBS LETTERS October 1992 Jrne 311, 
kDa 
34 - 
number 3 
2 3 
Fig. 3. SDS-PAGE of PA preparations. Lanes: (I) molecular mass 
standards (kit LKB 18GO-lo?), (2) the intact preparation or the en- 
zyme, (3) sediment after GO min centrifugation at 100.000 x R. 
tence of micelles of a single type, namely, that with the 
enzyme in a dimer form. At lesser hydration degrees, 
two types of protein-containing micelles were detected, 
micelles with a- and /I-subunits. A considerable differ- 
ence in the sedimentation coefficients of these two types 
of micelles permits separation of the light and heavy 
subunits. The micelles containing/Lsubunits can be pre- 
cipitated via preparative centrifugation, while the a- 
subunit micelles remain in solution. 
The enzyme preparation obtained by this method was 
analyzed using SDS-PAGE. Fig. 3 shows that there are 
two major bands with Mr(s of 26,000 and 63,000 (i.e. Q- 
and P-subunits) in the intact enzyme preparation. In 
contrast, the precipitate contains predominantly the p- 
subunit (Fig. 3, lane 3). 
The sedimentation analysis, together with SDS- 
PAGE data, strengthen the assumption that in the AOT 
RM system in octane a reversible dissociation of PA 
into individual subunits occurs, and this process is con- 
trolled by the value of w,. 
Support for this hypothesis comes from the experi- 
ment which reconstructs the Fig. 1A profile, step by 
step, using preparations of partiahy separated subunits 
(supernatant and sediment after centrifugation). Fig. 1 B 
shows that in the case of the a-subunit preparation 
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Fig. 4. PMSF titration of PA active sites in the system of AOT RM. 
(I) w,, = 23, (2) w, = 14. Bcforc activity mcasurcmcnts were carried 
out the enzyme was incubated for IO min in a nlngc ofvolumn (O-10 
~1) of 10 PM PMSF solution. 
solubilized by RM, only one optimum can be seen when 
studying the dependence ofcatalytic activity on the hy- 
dration degree, and its position corresponds to the first 
optimum in Fig. IA. For the &subunit fraction in the 
same experiment (Fig. IC), there is also only one opti- 
mum, but the location coincides with the/I-subunit op- 
timum in Fig. 1A. When both micellar solutions are 
mixed all the maxima, including the one corresponding 
to the dimer at w, = 23, appear, analogously to the 
dependence in Fig. 1A. 
The fact that both subunits of PA turned out to be 
catalytically active makes us acknowledge the existence 
of two independent active sites on the subunits. That 
may seem surprising, because in the experiments on 
active site titration with PMSF in water solutions (for 
PA in a dimer form) only one active site has been found 
[i 2,151. To answer this question the influence of PMSF 
on the activity of PA in reversed micelles was examined. 
The titration of the active sites of the enzyme in RM 
was carried out at two different values of w,, 14 and 23, 
which correspond to the conditions at which PA exists 
in the forms of the individual subunits and the dimer, 
respectively. VVe have found that the concentration of 
PMSF needed for the inactivation of a mixture of the 
subunits is approximately two-times higher than that 
needed for dimer inactivation (Fig. 4). 
In addition, on solubilizing the enzyme, which was 
previously inactivated by PMSF in aqueous solution, 
catalytic activity with an optimum at w, = 14 can be 
observed. It is likely that the active site located on the 
light subunit is screened in the dimer form and so does 
not work. Under the conditions of subunit dissociation 
this site becomes accessible to the inhibitor, which re- 
sults in the increase in stoichiometry of the enzyme- 
inhibitor interaction. 
The result that both subunits appear to possess cata- 
lytic activity brings about a number of additional ques- 
211 
Volume 3 11, number 3 FEBS LElTERS October 1992 
tions concerning the causes of such structural organiza- 
tion, as well as the possible distinctions in substrate 
specificity of the active sites on the a- and p-subunits. 
We are planning to continue the experiments in this 
direction. 
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